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(57) Abstract: The invention relates to a condition monitoring system for machines equipped with a machine control system (12) 
and including rotating machine elements. The condition monitoring system is based on the measurement and monitoring of various 
variables during the operation of the machines. The condition monitoring system includes sensing elements (10) for the measurement 

Q of desires variables as well as processing equipment (25) and storing and analyzing equipment (28) for the creation and storage of the 
machine's condition information. The storing and analyzing equipment (28) is separately arranged in connection with each machine 

^ as a module (13) separate from the machine control system (12). 
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CONDITION MONITORING SYSTEM FOR MACHINES EQUIPPED WITH A 
MACHINE CONTROL SYSTEM AND INCLUDING ROTATING MACHINE ELEMENTS 

This invention relates to a condition monitoring system for 
5 machines equipped with a machine control system and including 
rotating machine elements, which condition monitoring system is 
based on the measurement and monitoring of various variables 
during the operation of machines and including 

- one or more pieces of communication equipment, 

10 - sensing elements arranged in connection with the machine to 
be monitored for the measurement of desired variables, 

- processing equipment for the measuring data collected with 
the sensing elements, and 

- storing and analyzing equipment for the result data formed by 

15 the processing equipment based on the measuring data, for the 

purpose of creating and storing the condition information of 
the machine . 

Generally condition monitoring is used in particular in 
20 connection with large and substantially continuously operating 
machines. Preventive and continuous condition monitoring is 
reasonable, because in unexpected disturbances repair action 
and costs of repair are enormous, and losses due to repair 
shutdowns are remarkable, especially in production machines. 
25 Such machines include for example paper machines and power 
plants, in particular wind power plants. 

Paper machines have several large rotating machine elements 
such as rolls, gears and electric motors. Thus one single paper 
30 machine includes as many as hundreds, even thousands of various 
measurable variables, based on which the condition of each 
machine is determined in a certain situation. Therefore 
specific systems have been developed for condition monitoring, 
permitting to determine the machine condition with a sufficient 
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accuracy, but in a centralized manner. In wind power plants, 
the need for condition monitoring is further increased 
especially due to their location and design. Generally wind 
power plants are high constructions, located at a distance from 
5 human settlement or transport connections. In addition, the 
wind power plants include large gears and generators. In such 
conditions preventive condition monitoring is especially 
important . 

10 In known systems, various sensing elements, most commonly 
acceleration transducers, are installed in the desired 
positions. Other variables, such as pressure, temperature and 
speed are also measured. Several sensing elements continuously 
provide a large amount of measuring data the processing of 

15 which would be laborious and even impossible in practice. 
Therefore the sensing elements of one gear, for example, are 
incorporated in one single processing device, which 
preprocesses the measuring data. This reduces the amount of 
result data to be transferred further. After this the result 

20 data preprocessed by various processing devices is transferred 
to centralized analyzing and storing devices, in which the 
current condition information of the machine concerned is 
formed based on the result data. The condition history data 
collected during the operation can also be utilized in the 

25 condition monitoring and failure prediction of the machines. 
One such system is proposed in the Finnish patent No. 107408. 

Despite the preprocessing of the measuring data, the amount of 
data to be transferred is enormous. Due to this condition 
30 monitoring systems become heavy, and the communication 
equipment, in particular, must be dimensioned for the greatest 
amount of data at each point. In practice this means high-speed 
information networks, routers and other data transfer 
equipment. In addition, the condition monitoring system of each 



WO 03/077048 



PCT/FI03/00192 



3 

machine must be separately designed and assembled as well as 
customized for various users. This makes the implementation of 
condition monitoring a large and expensive project, which is 
economically viable only if the object of monitoring is a unit 
5 consisting of several machines, such as a paper machine. 
Despite this, the condition information of the machine can be 
restrictedly utilized only with the equipment designed for that 
purpose. Due to the high cost of the condition monitoring 
system, attention is generally fixed to the most critical 
10 machines, in which case part of the machines remains without 
condition monitoring, or it covers only a part. This reduces 
the reliability of the entire machine. 

The object of the invention is to provide a new type of 

15 condition monitoring system, which is economically viable even 
for one single machine, for machines equipped with a machine 
control system and including rotating machine elements. The 
features characterizing this invention become evident from the 
appended claims. In the condition monitoring system according 

20 to the invention the condition information of a machine is 
locally specified, which remarkably simplifies the design of 
the entire condition monitoring system compared to known 
techniques. In addition, the components of the condition 
monitoring system are selected in such a manner that the same 

25 parts of the whole can be utilized with machines that may 
differ greatly from each other. Also, changing or adding 
components is easy to do afterwards. In addition, the 
implementation and maintenance of the condition monitoring 
system is easier than before. Further, the condition 

30 information of a machine created by the condition monitoring 
system is utilizable in a more versatile manner compared to the 
past. 



/ 
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The invention is described below in detail by making reference 
to enclosed drawings, which illustrate some of the embodiments 
of the invention, in which 

5 Figure 1 shows a principal drawing of two condition 

monitoring systems according to the invention, 
Figure 2 shows the condition monitoring systems of Figure 1 

as practical applications, 
Figure 3 shows the modifications of the embodiments of Figure 
10 3, 

Figure 4 shows a principal drawing of the core components of 
the condition monitoring system according to the 
invention. 

15 Figure 1 shows a principal drawing of only two condition 
monitoring systems according to the invention, which systems 
are here identical. Each condition monitoring system, later in 
the description referred to with the term System 1 for 
simplification, is designed for machines equipped with a 

20 machine control system and including rotating machine elements. 
Such machines are for example paper machine rolls and their 
machine elements: bearings, gears and electric motors. Similar 
machine elements are found for example in a turbine of a power 
plant and a gear of a wind power plant. A certain level of 

25 vibration is typical for rotating machine elements during the 
operation- Therefore, a great part of condition monitoring 
consists of measurement of various vibrations in particular. 
However, also other variables are measured, such as 
temperature, pressure and speed of rotation, since they affect 

30 the operating conditions. 

The condition information of the machine is formed with 
suitable equipment based on the measuring data. History data, 
created by continuously storing the condition information of 
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the machine for the operating time, is often used for 
assistance. For example, condition monitoring of a wind power 
plant gear consists of measuring vibrations at selected points. 
These include vibrations of the shaft, gear and bearings, for 
5 instance. The measuring frequencies at various points normally 
differ from each other and vary from application to 
application. Intensified vibration is normally a sign of a 
disturbance. However, due to complicated machines and several 
machine elements, a direct verification and localization of a 

10 disturbance is in many cases difficult. Due to this, various 
signal processing operations are usually applied in the 
measurements to facilitate the characterization of, for 
example, the intensity of vibration and the frequency 
components appearing in the signal. The current condition 

15 information is obtained by comparing the data obtained to known 
values, alarm or warning limits, the data describing the 
operating condition of a machine or a process, initial 
situation and often also to history data. The processing and 
analyzing of measuring data described above is as such a 

20 well-known procedure. 

Instead, the system according to the invention is new and 
surprising compared to known techniques. Referring to Figure 1, 
the system includes sensing elements S (Sensor) 10 arranged in 

25 connection with the machine to be monitored for measuring the 
desired variables. The machines to be monitored are not 
presented here. In practice, sensing elements are various 
sensors, which are attached at suitable points in the machine 
to be monitored. In addition, the system includes processing 

30 equipment for the measuring data collected with the sensing 
elements, and storing and analyzing equipment for the result 
data created by the processing equipment based on the measuring 
data, for the purpose of forming and storing the condition 
information of the machine. The design and operation of the 
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processing equipment as well as those of the storing and 
analyzing equipment are discussed later in more detail. In 
addition, the elements and equipment described above are 
connected to each other with suitable communication equipment. 
5 Same reference numbers are used for functionally similar parts. 

According to the invention, the storing and analyzing equipment 
is separately arranged in connection with each machine as a 
Condition Monitoring Module CMM 13 that is separate from the 

10 Machine Control System MCS 12, This makes it possible to 
specify the condition information of the machine irrespective 
of the other equipment. Also, the implementation and the use of 
the system are then easier than before. At the same time, heavy 
information networks and specific server computers can be 

15 avoided. In practice a condition monitoring module, or simpler 
- a module - is arranged as an integrated unit and its 
construction is independent of the machine design. This makes 
it possible to use one module type for different machines and 
machine elements. To enable this, the module has a certain type 

20 of basic design, which is described in more detail later with 
reference to Figure 4. 

For the use of a universal module, the system additionally 
includes a CDB (Configuration DataBase) 14. The design and 

25 configuration information of each machine as well as the 
desired analyzing software are transferred from the 
configuration database 14 to the module 13 using the 
communication equipment 11.2. Thus the basic data related to 
for example the design and application of each machine to be 

30 monitored and to the number and position of sensing elements 
can be transferred to a module which has as such a universal 
design. The basic data is normally transferred already at the 
production stage of the machine, which remarkably reduces the 
installation time in the actual application place. Then, for 
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performing the data transfer, it is required to use the 
communication equipment, which is normally disabled. If the 
condition monitoring alarm and warning limits typical of the 
machine to be monitored are known in advance , they can be 
5 stored in the module's memory together with the other 
configuration data already in the production stage of the 
device. This speeds up and simplifies the implementation of 
condition monitoring in a remarkable way, as a separate alarm 
limit set-up and a history data collection typically related 

10 thereto are then unnecessary. The design and configuration data 
can also be transferred in a later stage, for example when 
there are changes in the design and/or configuration data 
and/or analyzing software. The data can then be updated without 
physical access to the module. Updating can be performed using 

15 the above mentioned communication equipment. Alternatively, the 
data can be updated using the machine control system 12 
in-between, which also can communicate with the configuration 
database 14 as shown in Figure 1. The communication equipment 
11.4 between the configuration database 14 and the machine 

20 control system 12 is illustrated with a dashed line. The third 
set of communication equipment 11.3 is placed between the 
module 13 and the machine control system 12. The current 
condition information is transmitted along this connection to 
the machine control system 12. 

25 

In practice, the configuration database is adapted to a 
specific server computer, in which the basic data of e.g. 
various sensors, machines, machine elements, and of course 
modules is stored. The basic data can be transmitted from one 
30 configuration database to several systems according to the 
invention as shown in Figures 1-3. The server computer 
normally contains the required analyzing software for the 
machine to be monitored. In that case the settings and software 
can be easily selected according to the system configuration 
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and desired properties , and then be transferred to the module. 
For normal operation, the condition monitoring system does not 
require a connection to the server computer, because the server 
computer is needed only for updating the configuration data. 
5 For this purpose, the connection can be temporarily created via 
information networks, a modem or some other data transfer 
channel. In this way changes in the configuration data can be 
implemented by means of a remote connection, accessing for 
example from the machine manufacturer's service center. This 
10 being the case, the system itself does not require 
incorporating a server computer for the configuration database. 

Figures 2 and 3 show the practical design of the system 
according to the invention. In this example the system is 

15 adapted for use in connection with wind power plants 15. 
However, it could as well be applied for a paper machine or a 
power plant. Each wind power plant 15 typically has an own 
independent machine control system 12. A local machine control 
system takes care of the control of the wind power plant, and 

20 in practice this can be a programmable controller, for example. 
The measurements required by the controller are transmitted to 
the machine control system, which correspondingly provides the 
required control signals for the actuators. 

25 A wind power park including several wind power plants also 
often has a specific control room (Figures 2 and 3) . Usually 
the control room houses a control room computer 28, which is 
connected to a machine control system 12 installed in each wind 
power plant 15. The main function of this control room computer 

30 is to provide a user interface for the wind power park control 
system; that is, for all local machine control systems in 
various wind power plants. The control room computer may also 
contain for example applications for the collection of history 
data. 
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In the embodiment according to the invention the modules 13 are 
located in each wind power plant 15 and connected to the 
machine control system 12 installed in the respective wind 
power plant 15. In practice, it is advisable to connect the 
5 local wind power plant units to each other as in Figure 2, in 
which case the connection between the control room computer and 
the local modules in the wind power plants becomes unnecessary. 
Such a connection can be made, if necessary; however, it is 
more economical to perform the data transfer between the 

10 control room computer and the modules, such as the display of 
condition monitoring information in the control system user 
interface, by taking the information from the module to the 
control room computer via the local machine control system. In 
this case it is possible to utilize the existing connection 

15 between the local machine control system in the wind power 
plant and the control room computer. 

The configuration database 14 shown in Figures 2 and 3 and the 
related computer are not needed at all as part of the system 

20 during the normal operation of the wind power plant. The 
settings are loaded in the modules at the startup stage, after 
which the configuration database and the related server are 
needed only for changing the settings or upgrading the 
software. For these operations, the server computer can be 

25 specially brought on site for updating, or updating can be 
performed via a remote connection either connecting directly to 
the modules or via the control room computer. In Figure 2, the 
control room computer 28 has additionally a modem 16, a printer 
17, and an alarm device 18 connected thereto as peripheral 

30 devices. 

Each wind power plant 15 has a gear 19 and as its extension, a 
generator 20 producing electricity. Generation of electricity 
is controlled by the machine control system 12, which is placed 
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in each wind power plant according to as previously set forth. 
The module 13 according to the invention is arranged in 
connection with each machine to be monitored, in this case thus 
in both wind power plants 15. According to the invention, the 
5 module stores and analyzes the measuring data from the sensing 
elements connected thereto providing condition information. 
Thus the data transfer between the module and the machine 
control system is reduced. At its simplest, the information is 
transferred only in disturbance situations in the form of an 
10 alarm signal. In the embodiment presented, the module is 
connected both to the gear and generator. In other words, the 
module monitors the condition of the entire wind power plant . 

For determining the condition information, various 
15 environmental variables affecting the operating conditions of 
the machine are also utilized. Such environmental variables 
include for example force and direction of wind, outdoor 
temperature and humidity as well as other changing variables, 
such as generator power and speed of rotation. The sensors of 
20 these environmental variables can be directly connected to the 
module. On the other hand, in most machine control systems 
these sensors are incorporated, in which case, according to the 
invention, the data is entered from the machine control system 
to the module. It is partly for this reason, too, that the 
25 communication equipment 11.5 includes one or more communication 
interfaces CI 21, of which at least one is bi-directional 
(Figure 4) . In that case it is easy to enter information and 
settings into the module after the installation and during the 
machine operation. 

30 

Figure 3 shows a modification of the embodiment set forth 
above, which uses wireless communication equipment. According 
to the invention a connection to the module can be made using 
various devices that resemble a machine control system. Also 
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presented here is a terminal 22 , which communicates with the 
module 13. In its simplest arrangement the module transmits a 
message of a disturbance to the terminal. The module can also 
be programmed to receive commands in a specified form to be 
5 transmitted with the terminal. Based on these commands , a 
result according to the command, such as condition information, 
is sent to the terminal. Generally the condition information is 
specified expressly in the module irrespective of the machine 
control system or other systems. According to the above, 
10 however, general information on the machine control system and 
history data of other identical machines, for example, can be 
entered into the module. 

Figure 4 also shows a principle drawing of a system according 
15 to the invention with a focus on the design of the module 13. 
The module 13 itself is a rectangular drawn with a broken 
dotted line, within which the required elements are placed. 
Sensing elements 10 to be arranged in the machine to be 
monitored are shown in the left section of Figure 4 . The type 
20 and number of the sensing elements varies between different 
embodiments. According to the invention, the configuration data 
of the module contains the sensing element information, which 
can be updated, if necessary, according as the configuration 
changes. The communication equipment 11.1 between the sensing 
25 elements 10 and the module 13 is normally fixed; however, 
wireless communication equipment can also be used. This is 
shown in Figure 4 with a broken line connecting the sensing 
elements Sn to the module 13. 

30 The module is to a great extent an electronic programmable 
device. In practice, the measuring data arriving from the 
sensing elements 10 is led to the module 13 via an A/D 
converter 23. In the A/D converter 23 analog measuring data is 
converted to digital form. Part of the sensing elements may 
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themselves include a similar converter, which helps the 
operation of the module, as the measuring information can then 
be directly brought to the module via the digital communication 
interface, and no components related to analog signal 
5 conditioning or A/D conversion are required for the sensor in 
question. According to the invention, the storing and analyzing 
equipment 28 also includes an analyzing processor CPU (Central 
Processing Unit) 24, which is used to actually process the 
measuring data. To facilitate the operation of the analyzing 

10 processor 24 the module 13 also contains processing equipment 
for the measuring data DSP (Digital Signal Prosessing) 25, 
which is used to process the measuring data in a desired way. 
Typical digital signal processing operations include for 
example linear or nonlinear scaling, digital filtering and FFT 

15 (Fast Fourier Transform) . In advanced sensing elements such 
processing equipment is incorporated, which further simplifies 
the module design. The analyzing processor and the processing 
equipment can be integrated or separate components. Thus in 
practice, the A/D converter and the processing equipment can 

20 both be included either in the module or in the sensing 
element, or the A/D converter in the sensing element and the 
processing equipment in the module. 

To enable the operation of the analyzing processor 24, the 
25 module 13 also includes read-alter memory and storing memory 
equipment MEM (Memory) 26. The read-alter memory equipment is 
for the operating system OS and the analyzing software SW 
(Software) . Analogously, the storing memory equipment is for 
. the configuration data SET (Settings) and the result data R&H 
30 (Results & History) . In other words, based on the software and 
settings stored in the module memory, the analyzing processor 
uses the measured data to create the condition information, 
which is stored in the module memory. Again based on the 
settings, the condition information is sent further most 
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commonly to the machine control system. In that case the module 
according to the invention replaces earlier heavy condition 
monitoring systems . 

5 To enable its general operation the module 13 also includes 
general electronics SC (Signal Conditioning) 27 , consisting of 
e.g. required connectors , power supply for the sensing 
elements, galvanic separation, analog filtering, and electrical 
signal adaptation for the A/D converter (not shown) . These 

10 components can be totally or partly integrated as a standard 
part of the module or, if required, implemented using discrete 
components to be connected to the module. The module 13 further 
includes the above mentioned communication interfaces 21, which 
should be made as universal as possible in order to provide a 

15 system that is independent of machine control systems. Such, 
almost standard communication interfaces include for example a 
radio transmitter/receiver and a GSM or other modem. Serial and 
parallel ports, Ethernet and other network connections, even 
relay outputs, are also possible. In practical applications 

20 there are several different communication interfaces and data- 
transfer protocols programmed for them, and the one most 
suitable in the current situation is used. As the condition 
information of the machine is being defined, the amount of data 
to be transferred in the module itself is usually small and in 

25 any case notably smaller than in known techniques. 

Thus the module to be used in the system according to the 
invention includes communication equipment for the sensing 
elements and the machine control system arranged in connection 
30 with the machine to be monitored. In addition, the 
communication equipment, the processing equipment and the 
storing and analyzing equipment are arranged in one module, 
which is to be adapted to the machine and has a design 
independent of the machine design. This makes it possible to 
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use one module type with different machines. The operating 
system of the module is often standard in practice. The 
analyzing software is also standard for the main features, 
although differences between various applications may exist. 
5 The settings, instead, always conform to the machine to be 
monitored, so they vary between different applications. 

A system according to the invention is economically viable even 
for individual machines. In addition, the system can be used to 

10 monitor a machine consisting of several different machine 
elements. Further, the system applies a specific module with a 
design independent of the machine design, which further reduces 
costs. In fact the module contains analyzing and memory 
capacity, which makes it possible to define the condition 

15 information in a centralized manner within the module itself. 
At the same time the module software can be set up for 
operation and, if necessary, also upgraded later. Connecting 
various sensing elements is also easy, the module thus being 
applicable for very different machines as well. Further, the 

20 module contains various communication interfaces, which are 
used to transfer data to and from the module. Thanks to 
standard communication interfaces the module is also 
independent of machine control systems, the implementation of 
the system thus being simple. Yet another advantage is that 

25 currently desired information can be transferred from the 
module to various systems and devices. 
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CLAIMS 

1. A condition monitoring system for machines equipped with 
a machine control system (12) and including rotating machine 

5 elements, which condition monitoring system is based on the 
measurement and monitoring of various variables during the 
operation of the machines and including 

- one or more pieces of communication equipment (11.1.-11.5), 

- sensing elements (10) arranged in connection with the machine 
10 to be monitored for measuring desired variables, 

- processing equipment (25) for the measuring data collected 
with the sensing elements (10), and 

- storing and analyzing equipment (28) for the result data 
formed by the processing equipment (23, 25) based on the 

15 measuring data, for the purpose of creating and storing the 
condition information of the machine, 
characterized in that the storing and analyzing equipment (28)' 
is separately arranged in connection with each machine as a 
module (13) separate from the machine control system (12) . 

20 

2. A condition monitoring system according to claim 1, 
characterized in that the processing equipment (23, 25) is at 
least partly arranged in connection with the module (13) and/or 
the sensing elements (10) . 

25 

3. A condition monitoring system according to claim 1 or 2, 
characterized in that the module (13) has an integrated 
arrangement and its design is independent of the machine 
design. 

30 

4 . A condition monitoring system according to any of claims 
1-3, characterized in that for connecting the machine control 
system (12) to the condition monitoring system the 
communication equipment (11.5) includes one or more 
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communication interfaces (21) , of which at least one is 
bi-directional . 

5. A condition monitoring system according to any of claims 
5 1-4, characterized in that the condition monitoring system 

includes a configuration database (14), from which the design 
and configuration data of each machine as well as the desired 
analyzing software are transferred to the storing and analyzing 
equipment (28) using the communication equipment (11-2, 11.3, 
10 11.4) . 

6. A condition monitoring system according to claim 5, 
characterized in that the design and configuration data is 
transferred at the production or startup stage of each machine 

15 or later as changes take place in the design and/or 
configuration data and/or analyzing software. 

7. A condition monitoring system according to any of claims 
1 ~ 6, characterized in that the storing and analyzing 

20 equipment (28) includes an analyzing processor (24) as well as 
read-alter memory and storing memory equipment (26), of which 
the read-alter memory equipment is for the operating system and 
the analyzing software, and the storing memory equipment is for 
the configuration and result data. 

25 

8. A condition monitoring system according to claim 7, 
characterized in that the configuration data and/or analyzing 
software are adapted for each machine. 

30 9. A module (13) to be used in a condition monitoring system 
according to any of claims 1-8 including communication 
equipment (11.1, 11.3) for the sensing elements (10) and the 
machine control system (12) arranged in connection with the 
machine to be monitored, characterized in that the 
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communication equipment (11.1, 11.3), processing equipment (25) 
and storing and analyzing equipment (28) are arranged in one 
unit to be adapted to the machine, independent of the machine 
design. 

10. A module according to claim 9, characterized in that the 
communication equipment (11.1) between the sensing elements 
(10) and the module (13) is fixed and/or wireless. 
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